Background and Objectives: After the widespread application of minimally invasive surgery for benign diseases and given its proven safety and efficacy, minimally invasive surgery for gastrointestinal cancer has gained substantial attention in the past several years. Despite the large number of publications on the topic and level I evidence to support its use in colon cancer, minimally invasive surgery for most gastrointestinal malignancies is still underused.
INTRODUCTION
The development of minimally invasive surgery (MIS) over the past 30 years is considered a landmark shift in modern surgery. MIS has revolutionized surgery and brought substantial benefits for patients, 1 health systems, and society as a whole. Patients benefit from reduced perioperative morbidity, enhanced postoperative recovery, and better cosmetic outcomes compared with open surgery. 2 The widespread application and adoption of MIS for benign diseases over the past decade occurred despite the initial absence of level I evidence to support its use. 3 Currently, MIS techniques are considered the standard of care for a wide variety of benign diseases. [3] [4] [5] [6] However, there was little enthusiasm for adopting the MIS techniques in complex resections of gastrointestinal (GI) malignancies in the early 1990s. 7 Proponents were faced with reluctance and concerns regarding the safety and oncologic outcomes of MIS techniques. Several of these key concerns are outlined in Table 1 and may be loosely grouped into oncologic adequacy, technical demands, and cost. In addition, there have been concerns that the increasing use of laparoscopy was largely driven by the availability and marketing of technology rather than clinical benefits. In his presentation "Uptake of Minimallycoverage, than with evidence-based medicine." 8 Given the oncologic concerns and the technical demands, MIS remains underused in most patients with GI malignancies. 10 
SPECIFIC BENEFITS OF MIS IN CANCER PATIENTS Time of Initiation and Tolerance of Adjuvant Therapy
Much of the morbidity in open surgery is related to the laparotomy incision; this can result in a delay in the administration of adjuvant therapy. 11 Delays in the initiation of adjuvant chemotherapy have been shown in multiple studies to negatively affect disease-free survival and overall survival. 12 MIS techniques, when applied to cancer resection, can result in quicker recovery and earlier administration and better tolerance of adjuvant therapy, and they may result in improved survival. Unfortunately, the timing of initiation and overall tolerance to adjuvant chemotherapy were not recorded in the laparoscopic colon cancer resection randomized trials. [13] [14] [15] [16] [17] Up until recently, there was little evidence to support these presumed benefits for MIS in treating GI malignancies. Day et al 18 in their recent publication showed that laparoscopic resection of colorectal cancer resulted in earlier administration of adjuvant chemotherapy and better overall survival. Strouch et al 19 found that patients who underwent laparoscopic rectal cancer surgery received adjuvant chemotherapy 25 days earlier and stated, "Time to initiation of postoperative chemotherapy should serve as an outcome measure for improved recovery in laparoscopic rectal cancer surgery." In lung cancer, Petersen et al 20 found that patients who underwent thoracoscopic lobectomy for non-small cell lung cancer had significantly fewer delayed or reduced adjuvant chemotherapy doses than the thoracotomy group. In this study, although there was no difference in the time of chemotherapy initiation, Petersen et al found that the thoracoscopy group had better overall tolerance to the adjuvant chemotherapy regimen.
MIS for GI Cancer and Quality of Life
In most patients with cancer diagnoses, a wide variety of psychosocial symptoms will develop that can result in a substantial decrease in their quality of life. 21 In one randomized controlled trial, short-term quality-of-life benefits were found to be statistically significant for laparoscopic colectomy compared with open colectomy at 2 weeks postoperatively. 22 This particular advantage of MIS in cancer patients should not be underestimated and needs to be emphasized more in the future. In a small randomized trial of palliative laparoscopic gastrojejunostomy for malignant gastric outlet obstruction, patients treated laparoscopically had a shorter hospital stay and faster resumption of oral intake compared with palliative open gastrojejunostomy patients. 23 
MIS for Colon Cancer and Other GI Malignancies
The most studied GI malignancy in laparoscopic surgery is colon cancer. Early attempts at resection showed feasibility, but questions remained concerning oncologic adequacy. 7 In addition to the long-term survival and disease recurrence, there were significant concerns about peritoneal seeding and port-site metastasis. 9 Johnstone et al, 24 in their review article on the subject in 1996, clearly advised against the use of MIS techniques in resection of malignancy until better prospective evidence was made available. These concerns resulted in many MIS pioneers abandoning the use of the technology for GI malignancy at that time.
Since then, a plethora of basic science and clinical research has confirmed the safety of MIS in cancer resection. Laparoscopy is associated with better preservation of immune function, 25,26 less inflammatory response reaction, 27, 28 and no increased risk of tumor spread in relation to the pneumoperitoneum compared with open surgery. 29 Several randomized clinical trials were also published and showed that MIS for colon cancer provided at least equivalent oncologic results and better short-term outcomes. [13] [14] [15] [16] [17] Despite all the evidence, the rate of adoption of MIS in colon cancer was persistently low in the first half of the past decade. Kemp and Finlayson 30 found that MIS techniques applied to only 4.3% of colon cancer resec- 9 found that the rate of MIS adoption for colon cancer resection was only 6.7% in 2007. Although this represents an increase from 4.7% in 2005, it still reflects slow implementation of this procedure in the treatment of colon cancer. 10 One major limitation for these studies was the lack of specific codes to identify laparoscopic colon procedures before 2008, making reported rates inaccurate and inconsistent. 31 More recent reports have found that almost one third of colon cancer resections are performed laparoscopically. 32, 33 Although this represents an increase compared with the first half of the previous decade, the adoption rate is still much lower compared with laparoscopic cholecystectomies and gastroesophageal reflux procedures. 34, 35 This low rate of adoption was discussed extensively at the SAGES 2011 meeting. 36 The largest barrier to increasing use of MIS techniques in cancer patients seems to be training. Most of these cases are technically demanding, with a significant learning curve, and are not covered adequately in the course of surgical residency. 33 For other GI malignancies, the evidence for MIS application has not been as extensive because of lower disease incidence and limited expertise. Laparoscopic resections for gastric adenocarcinoma have been shown in multiple small randomized trials from Japan to result in better short-term results and equivalent long-term oncologic outcomes. [37] [38] [39] Although there are no randomized trials available for MIS application in liver, pancreas, and esophageal malignancies, MIS has been shown to be feasible and safe with good short-term outcomes in multiple retrospective trials in the hands of experts and in high-volume centers. 40 -42 
MINIMALLY INVASIVE GI CANCER MANAGEMENT: WHICH SPECIALTY?
The current urban surgical practice is characterized by services provided by specialists. "Minimally invasive cancer management" does not lend itself easily to categorization within a department of surgery. The "minimally invasive" component is typically under the purview of the MIS division, which deals primarily with benign disease, and the "cancer management" component is most commonly treated by surgical oncologists. 43 For MIS, Ͻ10 programs existed for advanced MIS training beyond residency in 1993. Currently, there are Ͼ120 postgraduate fellowships in MIS/bariatrics available through the fellowship council. 44 Most of these fellowships consist of a full year during which the surgeon acquires a unique set of laparoscopic skills that are not acquired during general surgery residency. 45 Although the MIS fellowship curricula require the fellow to establish clinical knowledge and experience in the management of GI malignancies, most of these fellowships concentrate on minimally invasive management for benign diseases. 46 In a survey by Tichansky et al, 47 MIS fellows reported on their actual case volumes, as well as the case volumes they would desire in an ideal fellowship. There was a clear and striking discrepancy between actual and ideal case volumes for laparoscopic complex resection of GI malignancies (esophagus, stomach, liver, and pancreas). In the same survey, the fellows' ideal case volume for benign diseases exactly matched their actual case volume. 47 This resulted in most graduates of the MIS fellowships having practices concentrating on MIS management of benign diseases.
Most institutions with an interest in oncology establish cancer centers according to National Cancer Institute (NCI) guidelines. 48 One of the six essential components for NCI-designated cancer centers is transdisciplinary cooperation between different specialists and disciplines in the care of cancer patients for better outcomes. This aspect of cancer care is heavily instituted and established in the training of surgical oncologists and hepatopancreatobiliary (HPB) surgeons during their fellowships. However, most surgical oncologists and HPB surgeons in practice today have not received formal training in advanced MIS techniques. 49 Program directors of some HPB/surgical oncology surgery fellowships have incorporated a 1-to 2-month MIS rotation with the MIS service in their fellowship curriculum 44, 50 ; this short period is inadequate to master the skills of complex laparoscopic GI reconstruction required for minimally invasive GI cancer management. In a recent survey of program directors of HPB surgery fellowships, Subhas and Mittal 49 found that Ͻ10% of hepatic, pancreatic, and complex biliary cases were performed laparoscopically. For that reason, although surgical oncology/HPB fellows will gain significant experience in the care and management of GI cancer patients in multidisciplinary fashion, they will lack the skills of the minimally invasive surgeon required for complex GI reconstructions.
So, on the basis of a divide in the current training systems, neither the graduates of MIS fellowships nor the graduates of surgical oncology/HPB fellowships are able to provide the services of minimally invasive management of GI malignancies individually. They either will lack the skills and techniques of the MIS surgeon or will lack the knowledge and multidisciplinary approach of the surgical oncologist and HPB surgeon.
PROPOSED SOLUTIONS FOR UNDERUTILIZATION OF MIS IN GI CANCER MANAGEMENT
Because the most important challenges that face the use of MIS in GI cancer patients are the lack of wellestablished training programs and the fact that most of these cases are technically demanding, we suggest 4 possible solutions to increase the use of MIS in the management of GI malignancies. These solutions are based on extensive literature review, observation of current trends and practices in this field, and discussion made with experts in the field.
Collaboration Between Minimally Invasive Surgeons and Surgical Oncologists at Same Institution
The simplest and the currently available solution is to develop collaboration between two specialists, one from a surgical oncology/HPB background and the other from an MIS background, each bringing his or her own expertise and skills to an individual patient's care. We have implemented this approach numerous times at the University of Maryland Medical Center with excellent results, 51 and colleagues from other institutions have described similar anecdotal experiences. Typically, the surgical oncologist/HPB surgeon would initiate the process because of the nature of the referral practice and would ask the minimally invasive surgeon for help mainly in the reconstructive part of the surgical procedure. Although this solution is tempting based on the available resources and expertise, it has significant drawbacks from a system-based practice standpoint. First, the minimally invasive surgeon has to be involved as a member of the multidisciplinary team in the perioperative care and planning, and this will place a significant burden on the minimally invasive surgeon. This is as logistically complicated in the setting of private practice as it is at an academic institution. Second, in an era in which individual surgeon productivity means a great deal for institutions and departments, the application of this process would cut the overall surgical capacity in half and decrease individual case productivity. This may be partially solved if the department and institution leaders believe that minimally invasive cancer management is considered a significant factor for patient recruitment and physician referral, which may ultimately compensate for the reduction in surgical capacity.
One Surgeon Performing 2 Fellowships in Both MIS and Surgical Oncology/HPB Surgery or Establishing Combined MIS and Surgical Oncology/HPB Surgery Fellowships
Because the currently available postgraduate training system will not result in a single specialist who can provide minimally invasive GI cancer management services individually, one way to master both disciplines is to have one individual surgeon performing 2 fellowships, one in MIS and the other in surgical oncology/HPB surgery. Pioneers of minimally invasive GI cancer management have used this approach and performed 2 fellowships in MIS and surgical oncology/HPB surgery 52 ; on the basis of our discussion with them, this solution may represent the best approach for the future to increase the use of MIS in GI cancer management. They have encouraged their mentees who are interested in the subject to do the same, and this can be noted in the applications for the MIS and surgical oncology/HPB fellowships over the last several matches. The HPB fellowship at Penn State College of Medicine adopted this model; 5 of the last 6 HPB fellows at Penn State College of Medicine have performed an MIS fellowship, and they found it to be very helpful and would recommend the same for surgeons with similar interests. 53 This particular strategy was described in detail by Brar et al 54 in a recent publication on the topic; they suggested a model to incorporate evidence-based strategies in MIS training while maintaining essential elements of rigorous surgical oncology training. In their model fellows will complete 1 full year of dedicated MIS training, followed by 15 months of surgical oncology training. They realize that combining the 2 fellowships is very challenging and would require significant cultural changes and strategic planning within the different divisions in the same department.
Although the aforementioned model will require a longer training period for the individual surgeon, as the number of surgeons performing this approach increases, minimally invasive GI cancer management will develop itself and mentors will be available in various training programs. In addition, the timing of the rotation may matter, and an unanswered question will concern the preferred sequence of performing the 2 fellowships.
Centers of Excellence of Minimally Invasive GI Cancer Management
Volume-outcome relationships have been extensively scrutinized over the past decade, and a large number of studies have linked better outcomes to high-volume status
of hospitals for a variety of surgical procedures. 55, 56 This relationship was most evident and consistent in complex surgical resection of malignant GI diseases. 35, [57] [58] [59] For this and other reasons, the current designation of NCI cancer centers was established to improve outcomes in cancer patients. A good example to look at for benign diseases is the center of excellence (COE) designation of bariatric surgery by the American College of Surgeons; this designation follows the same principle of volume-outcome relationships described earlier.
Based on the above, it is prudent to establish COEs for cancer management and make the minimally invasive cancer management service an essential component for such a designation. These centers will include both the expertise and the technology for the service and would encourage collaboration. This strong collaboration should result in maintaining a longitudinal prospective database and will help provide prospective evidence to support the use of MIS in GI cancer management in the future. For instance, Luketich et al 60 in a phase II study have shown that minimally invasive esophagectomy is safe and feasible at a multi-institution level in high-volume centers, with oncologic outcomes similar to open esophagectomy.
Though tempting and feasible, this solution has its own drawbacks. First, credentialing of such centers may be complex and would require extensive collaboration among a wide variety of societies invested and interested in the subject. This includes, but is not limited to, NCI, Society of Surgical Oncology (SSO), SAGES, National Comprehensive Cancer Network (NCCN), Americas Hepatopancreatobiliary Association (AHPBA), Society for Surgery of the Alimentary Tract (SSAT), American College of Surgeons (ACS), and American Society of Clinical Oncology (ASCO). Second, collaboration committees on the subject need to be established, and serious decisions have to be made by leaders of these societies to help increase the use of MIS in surgical oncology patients.
Robotics
Over the past decade, robotic technology had gained a large amount of attention in the world of MIS. As a technology for demanding laparoscopic skills, robotic surgery allowed surgeons to perform complex surgical procedures in a minimally invasive fashion, especially in small confined anatomic spaces like the pelvis. 61 After the widespread use of robotics by urologists 62, 63 and gynecologists, 64 surgical oncologists and HPB surgeons looked at this technology as a potential solution for the underutilization of MIS in GI surgical oncology patients. Over the past several years, a variety of case series have shown the feasibility of robotic surgery in minimally invasive resection of rectal, pancreatic, hepatic, and gastric malignancies. [65] [66] [67] [68] Although robotics provides some advantages over classic laparoscopy (ie, 3-dimensional images, 360°h
and rotation, elimination of surgeon's tremor, and better ergonomics for surgeons), 69, 70 it has some inherent limitations especially for use in abdominal surgery. First, the robotic systems are designed to work on small areas of the body; however, many abdominal procedures require a surgeon to operate on 2 or more subdivisions of the abdomen. 71 Because of this, the robotic systems must be readjusted and recalibrated over the course of a single surgical procedure. This will result in prolongation of the operating room time. Second, the lack of tactile feedback has been shown to limit surgeon dexterity and maneuverability; this represents another major problem that may inhibit the surgeon's ability to operate successfully and safely. 72 Third, the use of the currently available robotic technology comes with significant cost to the health system; this include the purchase cost of around $1.2 million, as well as maintenance costs of up to $100,000 per year. 73 Fourth and most important is the lack of standardized training programs for the use of robotic surgery in complex abdominal procedures. Most surgical oncologists who adopted the technology did so after completing short "mini-fellowship" courses over several days and 1 or 2 days of proctoring by a specialist in the field. Although this training model is typical for any new technology, we should learn from other specialties that were ahead of us in adopting this technology and currently have established training programs and credentialing processes like the case of urologic oncology. 74 
CONCLUSION
Multiple studies have confirmed the utility of MIS techniques in dealing with patients with GI malignancies. However, training continues to be the most important challenge that faces the use of MIS in the management of GI malignancies. Potential solutions for the current problem include collaboration between surgical oncologists/ HPB surgeons and minimally invasive surgeons; a single surgeon performing 2 fellowships in surgical oncology/ HPB surgery and MIS; establishing COEs in minimally invasive GI cancer management; and finally, using robotics technology to help with complex laparoscopic skills. Ultimately, it is undeniable that the use of MIS will continue to increase in the treatment of complex surgical conditions, and although many obstacles remain, we must 
